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APPARATUS FOR TESTING SEMICONDUCTOR DEVICES 

5 Background of the Invention : 
Field of the Invention : 
The present invention relates to an apparatus for testing 
semiconductor devices in order to find defective semiconductor 
devices in which the distance between the valence band and the 
|;f conduction band in a defective semiconductor device is lower 
w5 when compared with that of a defect -free semiconductor device. 

'% Semiconductor devices such as, in particular, volatile and 
p non-volatile memory chips, are presently tested at the wafer 
i-i level in order to find defective semiconductor devices, such 
□ as, for example, memory cell transistors having so-called soft 
defects. These soft defects may be features of the 
semiconductor devices such as excessively high leakage 
currents, excessively low threshold voltages, etc. 

20 

As an example of semiconductor devices, wafer-level memory 
chips have previously been tested, in which the memory chips 
are subjected to disturbance cycles at an elevated 
temperature. First the memory chips are written to and then 
2 5 the temperature of the memory chips is increased. Finally, the 
memory chips are read at the elevated temperature. 
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During this procedure, the temperature increase causes an 
increase in the leakage currents and, consequently, a decrease 
in the retention time of the memory chips in order to be able 
to separate out from the latter those memory chips which have 
proved to be defective because of this "aging treatment" . 

The above procedure has a disadvantage in that relatively long 
waiting times have to be observed for changing the temperature 
of the semiconductor chips. These long waiting times cause 
long test times, which result in a costly overall test 
program. Moreover, it must be remembered that different 
semiconductor devices require different temperature ranges for 
testing, which in turn necessitates different equipment for 
the corresponding test apparatuses . 

Summary of the Invention : 

It is accordingly an object of the invention to provide an 
apparatus for testing semiconductor devices which overcomes 
the above-mentioned disadvantageous of the prior art apparatus 
and methods of this general type. In particular, it is an 
object of the invention to provide an apparatus for testing 
semiconductor devices in which it is not necessary to wait for 
temperature changes so that long waiting times can be avoided, 
and in which, moreover, there is no need to make complicated 
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changes to the equipment when testing different semiconductor 
devices . 

With the foregoing and other objects in view there is 
provided, in accordance with the invention an apparatus for 
testing semiconductor devices to find defective semiconductor 
devices in which a distance between a valence band and a 
conduction band has a lower value as compared with that of 
defect-free semiconductor devices. The apparatus includes a 
tunable light source for projecting light onto semiconductor 
devices. The tunable light source is constructed to adjust the 
light to a specific wavelength and to a specific intensity and 
to project the light for a predetermined time so that when the 
semiconductor devices are irradiated with the light, electrons 
in defective ones of the semiconductor devices can be 
transferred into the conduction band from the valence band. In 
the defective ones of the semiconductor devices, the distance 
between the valence band and the conduction band has a lower 
value as compared with that of defect -free ones of the 
semiconductor devices. 

In other words, the object of the invention is achieved by- 
providing a tunable light source, which can project light onto 
the semiconductor devices. This light in each case is of a 
specific wavelength and a specific intensity for a 
respectively predetermined time so that when the semiconductor 
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devices are irradiated with the light, electrons can be 
transferred into the respective conduction band from the 
valence bands that are located an excessively small distance 
away from the conduction band. 

Thus, instead of temperature changes for finding memory cells 
having an increased leakage current potential, the apparatus 
according to the invention uses, during their test, the action 
of radiation energy emitted by a tunable light source. The 
wavelength of the light radiated by the light source enables 
direct setting of the energy that an electron in the 
semiconductor device receives in order to pass from the 
valence band into the conduction band. This energy is too 
small in the case of defective semiconductor devices. Since 
this jumping of the electrons from the valence band into the 
conduction band takes place practically instantaneously, long 
waiting times which inevitably occur in the case of 
temperature changes are obviated. Furthermore, because of the 
use of the tunable light source, there is no need to change or 
exchange the equipment, since the energy radiated by the light 
source or the wavelength of the light emitted by the light 
source can readily be adapted to the distance between valence 
band and conduction band, which distance is too small in the 
case of "poor" semiconductor devices . 
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If the energy E required, for transferring an electron from the 
valence band into the conduction band, which is too small in 
the case of "poor" semiconductor devices, is 2.5 eV, for 
example, then a value of 4 97 nm is produced for the wavelength 
X with the aid of the known equations E = h*f and c = X*f (h = 
Planck's constant; f = frequency of the radiated light; c = 
speed of light) . 

What is essential to the apparatus according to the invention, 
then, is the generation of a disturbance quantity by 
irradiating the semiconductor devices with a light source 
whose color temperature can be regulated in a continuously 
variable manner. In other words, a light source is used in 
which the wavelength of the radiated light can be preset. As a 
result, it is possible to directly set the energy which acts 
on the semiconductor devices, with the result that electrons 
can readily be moved from the valence band of the 
semiconductor devices into, if appropriate, a conduction band 
that is an excessively small distance away. 

In accordance with an added feature of the invention, the 
tunable light source is built into a wafer sampler which 
subjects the semiconductor devices to a test cycle. In this 
wafer sampler, the semiconductor devices, that is to say in 
particular a wafer, can be adjusted below the light source. 
Equally, however, it is also possible to adjust the light 
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source above the wafer. All that is important here is that the 
light source can be adjusted exactly with regard to the 
semiconductor devices, that is to say with regard to the wafer 
in the present example. 

In accordance with an additional feature of the invention, 
instead of a light source, it is also possible, if 
appropriate, to use optical waveguides which can guide light 
from a remote tunable light source onto the semiconductor 
devices in a targeted manner. 

The light source itself may, for example, be drivable via a 
customary interface, with the result that it can perform the 
radiation of light onto the semiconductor devices in a 
targeted manner. 

During a test, by way of example, memory cells in a wafer are 
written to in a conventional manner. The wafer sampler is then 
driven in order to position the wafer below the light source 
of the wafer sampler. Information regarding a desired 
wavelength is subsequently output to the light source from a 
test program. In this case, this desired wavelength 
corresponds to an excessively small distance between valence 
band and conduction band of the memory cells. The light source 
is then switched on and off, depending on the test program. 
The wafer sampler is subsequently driven in order that it 
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moves into a test position in which the memory cells 
irradiated by the light source can be tested. During this 
testing, the defective memory cells are then determined, in 
which memory cells, because of an excessively small distance 
5 between the valence band and the conduction band, electrons 
were transferred into the conduction band as a result of the 
irradiation by the light source. 

During the above test operation, it must be ensured - 
M> depending on the semiconductor devices respectively tested - 
p that a possibly required voltage supply or driving by signals, 
m such as, for example, refresher signals in DRAMs (Dynamic 
=Jf Random Access Memories, is not interrupted. 

ij Other features which are considered as characteristic for the 
Q invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
embodied in an apparatus for testing semiconductor devices, it 
20 is nevertheless not intended to be limited to the details 

shown, since various modifications and structural changes may 
be made therein without departing from the spirit of the 
invention and within the scope and range of equivalents of the 
claims . 
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The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
5 accompanying drawings . 

- Brief Description of the Drawings : 

Fig. 1 is a schematic diagram showing the dependence of the 
wavelength A, (in nm) of light as a function of the energy of 
fO the light in eV; and 

z} Fig. 2 shows a schematic illustration of the apparatus for 
°2 testing semiconductor devices. 

'''4 

T§ Description of the Preferred Embodiments : 

Q Referring now to the figures of the drawing in detail and 

first, particularly, to Fig. 1 thereof, there is schematically 
shown the dependence of the wavelength X of light on the 
energy E of the light, that is to say the function X = f (E) . 
2 0 As can be seen from the figure, by way of example, an energy 
of 2.5 eV corresponds to a wavelength X of 497 nm. 

The wavelength of the light that is to be radiated by a light 
source can be selected by taking account of the relationship 
2 5 between the energy E and the wavelength X of light as is shown 
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schematically in Fig. 1. By way of example, if the "normal" 
distance between the valence band and the conduction band of a 
semiconductor device is given by about 2.7 eV, then an energy 
of 2.5 eV signifies an excessively small distance between 
these bands. Defective semiconductor devices can thus be 
separated out by being irradiated with light having an energy 
of 2.5 eV, since irradiation by light having this energy 
brings about a transition of electrons between the valence 
band and the excessively small conduction band. 

Fig. 2 schematically shows an apparatus for testing 
semiconductor devices. A silicon wafer 3 having a 
multiplicity of memory chips is situated on an adjusting table 
2 in a wafer sampler 1. The silicon wafer 3 is irradiated by a 
light source 4 arranged in the wafer sampler 1. With the aid 
of the adjusting table 2, it is possible to set the relative 
position between the silicon wafer 3 and the light source 4. 

The light source 4 is tunable, so that it can emit light of a 
desired wavelength k and of a desired intensity I for a 
predetermined time T. For this purpose, actuating units 6 are 
provided in a control unit 5 connected to the wafer sampler 1 . 
These actuating units 6 can be used to set the wavelength X 
and the intensity I of the light radiated by the light source 
4 and also the time duration T of this radiation process. 
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A voltage supply 7 serves to maintain supply voltages that may 
be necessary for the silicon wafer 3 or its memory chips 
during a test run in the wafer sampler 1. 

While the wavelength X defines the energy E of the light 
radiated onto the silicon wafer 3 by the light source 4, the 
intensity I defines the intensity of the luminous flux and 
thus the number of electrons to be transported, if 
appropriate, into a different band. The time duration T during 
which the silicon wafer 3 is irradiated by the light source 4 
can be chosen to be very short in the ms range, since the band 
transition of the electrons takes place practically 
instantaneously. In other words, long waiting times need not 
occur in the apparatus for testing semiconductor devices. 

Instead of the silicon wafer 3, it is also possible, of 
course, to test another semiconductor device. The latter may 
be composed of any suitable semiconductor material, such as, 
for example, Sic, A m B T , Ge, etc. 

Other tests of the wafer 3 can additionally be performed in 
the wafer sampler 1. In other words, the light source 4 can 
readily be additionally built into an existing wafer sampler 
and can be connected to a corresponding control unit 5. 
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In a test run, if the silicon wafer 3 includes memory chips, 
first, the memory cells of the silicon wafer 3 are written to 
in a customary manner. After the adjustment of the light 
source above the silicon wafer 3 and the setting of the 
actuating units 6 to the desired wavelength X and intensity I, 
the memory chips of the silicon wafer 3 are irradiated with 
light from the light source 4. For this purpose, the light 
source 4 is switched on and off in accordance with a test 
program. As a result of this irradiation, a transition of 
electrons from the valence band to the conduction band takes 
place in "poor" memory cells. These "poor" memory cells in 
which the electrons have passed from the valence band into the 
conduction band can then be separated out since they cannot 
retain the stored information in the same way as the "good" 
memory cells. 

In this way, in a short time, it is possible to perform a 
reliable test of the memory cells at the wafer level without 
long waiting times. 
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